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Abstract: We investigate the three-baryon system with charm +1 in a simple model. Charmed lambda Λc is
assumed to orbit an unperturbed deuteron in a charmed lambda-deuteron potential based on a separable charmed
lambda-nucleon potential from chiral effective field theory (EFT) techniques extrapolations of lattice QCD data for
the ΛcN
1S0 and
3S1 partial waves. We have estimated the Λc separation energy, BΛc = 0.780± 0.15 MeV, the
strength and the range of the Λcd potential. Also, the Λc particle momentum distribution in
3
Λc
H is presented and
compared by Λ particle in 3ΛH .
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1 Introduction
In recent years, the study of charmed nuclei have
become interesting branch of research. The charmed
hypernuclei provides a new flavor fields to the nuclear
equation of state and creates the opportunity for under-
standing about the phenomenon like dynamical chiral
symmetry breaking. The study of a charmed nucleus de-
cay [1] strengthen probabilities of the existence of charm
analogs of strange hypernuclei [2–4].
Three debatable candidates of charmed hypernuclei
(possible formation and subsequent decays) were re-
ported by an emulsion experiment with 70 and 250 GeV
protons at the Institute of High Energy Physics at Ser-
pukov and the Fermi National Accelerator Laboratory,
respectively [5]. Except the above experiments no other
experiment was conducted in order to search for charmed
hypernuclei.
In models based on effective Lagrangians like the one-
boson-exchange potentials (are applied to estimate the
binding energies and the potential-well depth of charmed
hypernuclei) [2, 3, 6–8], the shortage of experimental in-
formation is compensated by imposing SU(4) flavor sym-
metry and comparing with the calculations of strange
hypernuclei, for which there is experimental informa-
tion. The phenomenological quark models [9–12] are de-
scribing the low-lying hadron spectrum, NN and NY in-
teraction (Y=(Λ,Σ,. . .)) furthermore, in some instances,
strange hypernuclei.
The experiments those may increase our undestand-
ing from charmed hypernuclei in near future are produc-
ing charmed hyperons Λc through pion scattering on a
nuclear target at Hadron Hall of J-PARC [13], through
the annihilation of antiprotons on nucleons and nuclei at
the completion of the FAIR [14], or at the SuperB col-
lider [15] and also important information on ΛcN can
be obtained through measurements of hadron correlation
functions at the LHC.
One method that has been proposed to generate
Λc baryons at JPARC is collision of antiproton on the
deuteron by the intermediate production of charged D
mesons (mD = 1869.61 MeV/c
2) [16].
Information about the free-space interactions of the
charmed hyperons-nucleons is necessity for the explo-
ration of charmed hypernuclei.
Newly, results of ΛcN interaction are emerged from
(2+1)-flavor lattice QCD (LQCD) simulations by the
HAL QCD Collaboration [17]. The simulations are
done for unphysical quark masses corresponding to pion
masses of mpi= 410-700 MeV. The LQCD’s results show
that the ΛcN potential is much less attractive than pre-
dicted by the phenomenological potentials mentioned
above. These lattice QCD simulations are not a re-
placement for experimental results, however they present
significant data. They are extrapolated to physical
pion masses employing effective field theory (EFT) tech-
niques [18].
In the present work we study and provide predic-
tions for the Λcd (
3
Λc
H , i.e. charmed hypertriton) in-
teraction in a simple model using ΛcN interaction at the
physical point based on the LQCD. This model can be
easily applied for description of processes involving the
charmed hypertriton like its related production, its pro-
duction through exchange of charmness and as well as
the mesonic and non-mesonic decays. Also, it can be
a reference point for comparing to more sophisticated
model.
The charmed hypertriton is assumed to be a deuteron
and a charmed lambda particle going in an effective Λcd
potential. The wave function of nucleon sector is identi-
cally that of a free deuteron and the lambda sector can
be obtained from a Λcd potential. The establishment of
Λcd potential consists of the following steps, in a first
step a fit is done to the ΛcN s-wave potential then the
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ΛcN configurations in the charmed hypertriton is spin av-
eraged. In next step the ΛcN potential is summed over
the two nucleons and averaged over the deuteron wave
function. In the last step the resultant Λcd potential is
fitted to a separable form and only the s-wave part is
employed. The higher partial waves are considered to be
zero. The parameters of Λcd potential, i.e. the strength
λΛcd and the range ΛΛcd are calculated . Then we calcu-
late the charmed lambda wave function, ψΛc by solving
the Schro¨dinger equation using resultant Λcd potential.
In addition we estimate the separation energy BΛc by
solving eigenvalue condition equation. Finally, momen-
tum distribution of Λc in
3
Λc
H is compared by momentum
distribution of Λ particle in 3ΛH .
The model is expected to be accurate only for the low
energy properties of the charmed hypertriton since it is
based on a ΛcN potential which is fitted to low energy
ΛcN scattering parameters. The important advantages
of this model is that it inherently includes the NN 3S1
tensor force. As it is well known, tensor interaction is ac-
countable for the bulk of the binding in a deuteron-like
NN state and in the hypertriton [19].
2 Construction of the Λcd potential
In order to study the charmed hypertriton, we use
the method of Ref. [20]. The Hamiltonian of deuteron-
charmed lambda system H in the C. M. system is
H =
p2
2µNN
+Vnp+
q2
2µΛc−2N
+VΛcd
= Hd (p)+HΛc (q) , (1)
”p” is the internal momentum coordinate of the deuteron
(pair momentum) and ”q” is the charmed lambda mo-
mentum (spectator momentum). µNN=2.379 fm
−1 and
µΛc−2N =5.224 fm
−1 are the reduced masses of the two
nucleons and the Λc-2N system, respectively. Here,
the experimental mass of charmed lambda is taken
mΛc=11.583 fm
−1 .
Since the effect of the Λc particle on the deuteron
is ignored, it is reasonable to split the Hamiltonian split
into two parts. After spin dependence has been imposed,
the Λcd potential will only depend on the variable q.
The total wavefunction of charmed hypertriton is a sim-
ple product of a charmed lambda and a deuteron wave
functions (of course, except for the spin part).
2.1 Charmed lambda-nucleon potential
It is supposed that ΛcN potential depends on two
parameters, i.e. λΛcN and ΛΛcN . A two-parameter sepa-
rable ΛcN potential with dimensionless form factors g (k)
is fitted to the scattering lengths a and effective ranges
r of the 1S0 and
3S1, partial waves. The values of a
and r are taken from analyses of the effective field the-
ory (EFT) techniques [18]. Chiral effective field theory
is utilized for extrapolating results on the ΛcN interac-
tion, obtained in lattice QCD at unphysical (large) quark
masses [17], to the physical point i.e. mpi = 138 MeV.
The scattering lengths for the ΛcN system at the
physical point, worked out from the Lattice QCD calcu-
lation by the HAL QCD Collaboration, are -0.8 to -1.0
fm for both 1S0 and
3S1 states, and the calculated val-
ues for effective ranges are 2.6 to 2.8 for 1S0 and 3.1 to
3.5 for 3S1 states. We select the average values of these
predicted range for both scattering lengths and effective
ranges as input to our model (see Tab. 1).
We begin by stating that any separable ΛcN poten-
tial can be written as (in the S-wave configuration)
VΛcN (k
′,k)=−λΛcNg (k′) g (k) , (2)
we employ a rank-1 momentum-space form in terms of
an interaction range term ΛΛcN , where g (k) may have
Gaussian form,
g (k)= exp
(−k2/Λ2ΛcN) , (3)
or dipole/Yamaguchi form factor [21]
g (k)=
(
1+k2/Λ2ΛcN
)−1
. (4)
The choice of a particular separable form for the poten-
tial is arbitrary since various other models could have
been used to obtain similar results. Yamaguchi form is
used for the purpose of comparison to the more known
ΛN values for λΛN and ΛΛN which were calculated using
scattering length and effective range data by Gongleton
see Tab. I in [20]. The two variable parameters λΛcN and
ΛΛcN are obtained by solving the Lipmann-Schwinger
equation for the on-shell r-matrix, ron (k) from which an
Effective Range Expansion (ERE) can be performed to
extract the scattering length a and effective range r,
lim
k→0
p cotδ=−1
a
+
1
2
rk2, (5)
where
p cotδ=
−1
piµΛcNr
on (k)
, (6)
µΛcN=3.373 fm
−1 is the reduced mass of charmed
lambda-nucleon system. By defining ron (k) and JE (k)
as
ron (k)=
−λΛcN [g (k)]2
1+λΛcNJE (k)
, (7)
JE (k)= 2µΛcNP
∫ ∞
0
dqq2 [g (q)]2
(k2−q2) . (8)
2
λΛcN and ΛΛcN are determined by fitting to p cotδ and
the fitted parameters appear in Tab. 1 for the input val-
ues of a and r from analyses of the EFT techniques [18].
Table 1. ΛcN separable potential parameters. ΛN
separable potential parameters is given in tab. 1
in Ref. [20]. Y (G) is abbreviation for Yamaguchi
(Gaussian) form.
form λ
(
fm2
)
Λ
(
fm−1
)
a(fm) r (fm)
ΛcN(1S0) Y 0.045 2.019 -0.925 2.745
ΛcN(3S1) Y 0.046 1.810 -0.895 3.325
ΛN(1S0) Y 0.110 1.354 -2.29 3.17
ΛN(3S1) Y 0.101 1.359 -1.88 3.36
ΛcN(1S0) G 0.048 2.174 -0.925 2.745
ΛcN(3S1) G 0.049 1.965 -0.895 3.325
2.2 Spin and Momentum average
The sum of spin-1 deuteron to a spin-1/2 charmed
lambda particle lead to total spin 1/2 and 3/2. Therefore
the potentials should be spin averaged for the ΛcN con-
figurations appeared in the charmed hypertriton. The
s-wave and d-wave part of the deuteron necessitates
S = 1/2 and S = 3/2, respectively. The total spin
S define the relevant probabilities of the J = 0,1 ΛcN
state. The ΛcN interaction by S=1/2 is three-quarters
spin singlet and one-quarter spin triplet. The part with
S = 3/2 is completely spin triplet. Hence the effective
potential is
〈
k′
∣∣V effΛcN ∣∣k〉=λeffl g (k′)g (k) , (9)
the effective strength λeffl are defined as
λeff0 =
3
4
λΛcNJ=0 +
1
4
λΛcNJ=1 , λ
eff
2 =λ
ΛcN
J=1 . (10)
The ansatz from Ref. [20] is applied for the ΛcN po-
tential. The subscripts 2 and 3 refer to the label on the
nucleons so that V2 (V3) is the spin averaged potential
between the Λc particle and N2 (N3),
〈q′ |VΛcd|q〉=
∫
d3p′d3pψ†d (p
′)〈p′q′ |V2+V3|pq〉ψd (p) ,
(11)
VΛcd is a classical sum over the interactions between Λc
and each nucleon and is a quantummechanical mean over
the initial and final internal deuteron momenta weighted
by the deuteron amplitude.
By projecting out the s-wave part of VΛcd one arrive
at [20],
VΛcd (q
′,q)=−2V (q′,q) , (12)
where
V (q′,q)=
∑
l=0,2
∫ ∞
0
dss2λeffl Nl (s,q
′)Nl (s,q) , (13)
Nl (s,q) =
∑
l=l1+l2
sl1 (q/2)l2
l!
l1! l2!
(14)
1
2
∫ 1
−1
dxpl2 (x)
ψld
[
(s2+q2/4+sqx)
1/2
]
(s2+q2/4+sqx)
l/2
exp
[−(β2s2+γ2q2+2βγsqx)/Λ2ΛcN] ,
The η,β and γ are defined as,
η=
MN+MΛc/2
MN+MΛc
, β=
MΛc
MN+MΛc
, γ= η+
1
2
. (15)
2.3 Separable fit to the Λcd potential
Eq. 12 is valid only for low momenta, ΛΛcN momen-
tum space range is the relevant scale. A wave function
of a particle moving in a separable potential can be eas-
ily obtained by solving the Schro¨dinger equation using a
separable fit to Λcd potential.
The following form for the Λcd potential will be cho-
sen
VΛcd (q
′,q)=−λΛcdF (q′)F (q) , (16)
with the Gaussian form factor F (q)= exp
[−(q/ΛΛcd)2].
Same as in the case of the ΛcN potential, two parame-
ters, the strength λΛcd and the momentum space range
ΛΛcd are required to find. The λ
Λcd can be defined at
q = 0 and q′ = 0 in Eq. 12. Tab. 2 presents the values
of λΛcd obtained by using Eq. 12 and different type of
deuteron wave functions.
Table 2. Strength of the Λcd potential. The value
of λΛcd decreases slightly from Bonn potentials A
to C and this shows increasing the probability of
d-state and the fact that λeff0 is bigger than λ
eff
2 .
Bonn A Bonn B Bonn C
λΛcd
(
fm2
)
0.0838 0.0835 0.0832
P2 (%) 4.38 4.99 5.77
To extract the second parameter i.e. the range ΛΛcd,
it is convenient to define the following ratio
R (q)≡VΛcd (q′,q)/VΛcd (q′,0) , (17)
ΛΛcd can be found by fitting the R (q) to the Gaussian
form of F (q) in Eq. 16. The fit results are given in Tab. 3
and the fits are shown in Fig. 1 for various values of q′,
respectively.
Table 3. Range of the Λcd potential.
3
q′
(
fm−1
)
ΛΛcd
Bonn A Bonn B Bonn C
0.0 1.09 1.09 1.09
0.5 1.10 1.10 1.10
1.0 1.14 1.14 1.14
1.5 1.20 1.20 1.20
For separable potentials the resultant value of ΛΛcd
should be independent of q′ but this is not hold here.
Since the potential VΛcd (q
′,q) flattens out at large q′ [20],
a good fit is needed in the range 0≤ q≤ 2 fm−1, where the
potential is considerable. As apparent from Fig. 1, the
fit for q′=0.5 and 1.0 fm−1 are better than other. There-
fore, the fit at q′ = 1 fm−1 with the Bonn C deuteron is
taken i.e. ΛΛcd = 1.14 fm
−1. The extraction of λΛcd is
more valid than the extraction of ΛΛcd, because ΛΛcd is
more dependent than λΛcd to VΛcd (q
′,q) (This term may
be poorly evaluated) and the wave function of deuteron.
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Fig. 1. The ratio R(q) for different values of q′ and their corresponding ΛΛcd. The solid lines is the full calculation,
Eq. 17 and the dashed line is the fit to Gaussian form F (q). Here Bonn C deuteron wave functions is considered.
As one can see, the fit for q′ = 0.5 and 1.0 fm−1 are better than other. Therefore, the fit at q′ = 1 fm−1 with the
Bonn C deuteron is taken i.e. ΛΛcd=1.14 fm
−1.
3 Solution of the Schro¨dinger equation
The Schro¨dinger equation for the lambda part of the
wave function is
(
q2
2µΛcd
+VΛd
)
|ψΛc〉=−BΛc |ψΛc〉 , (18)
By solving equation 18 we arrive at the charmed
lambda wave function, ψΛc
ψΛc (q)=N (ΛΛcd)
exp
[−(q/ΛΛcd)2]
q2+α2
, (19)
where
N (Λ)= (20){
pi
4α
[
cerfe
(√
2α
Λ
)(
1+ 4α
2
Λ2
)
− 2α
Λ
(
2
pi
)1/2]}−1/2
.
and α2 = 2µΛcdBΛc . α,λ
Λcd, and ΛΛcd satisfy the eigen-
value condition, i.e.,
λΛcdΛΛcd= (21)
1
µΛcd
(
2
pi
)1/2
+(2pi)
1/2
αλΛcdcerfe
( √
2α
ΛΛcd
)
,
4
cerfe and erf are error functions and they are defined as
follow
cerfe = exp(x2) [1−erf(x)] ,
erf(x) =
2√
pi
∫ x
0
exp(t2)dt. (22)
Eq. 21 relates the BΛc separation energy, λ
Λcd the
strength and ΛΛcd the range of the Λcd potential. For the
relevant values, Eq. 21 is very weakly driven by α [20].
The 20% error in α leads to only a 2% error in ΛΛcd.
As a result, in order to successfully predict α, subtlety
fine tuning of λΛcd and ΛΛcd is needed. We estimate
the separation energy BΛc =0.780±0.15 MeV by solving
Eq. 21 (The iterating method is used until it converged to
α=−0.204 fm−1) for λΛcd=0.0832 fm2 and ΛΛcd=1.14
fm−1.
Fig. 2 shows the Λc part of charm hypertriton wave
function, and Λc particle momentum distribution. For
comparison the Λ particle momentum distribution in hy-
pertritonin from Ref. [20] is shown.
The peak of momentum distribution in Fig. 2 (b)
for charmed lambda is near q= |α|=0.204 fm−1 and for
lambda particle in hypertriton is near q=α=0.068 fm−1.
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Fig. 2. (a) The wave function of charmed lambda part of the 3ΛcH ,ψΛc , in momentum representation and (b)
presents Λc (dotted blue line) and Λ (solid red line) particle momentum distributions in
3
Λc
H and 3ΛH , respectively.
The Λ particle momentum distributions in hypertritonin is presented for comparison from Ref. [20].
According to Fig.2 at q . 0.2 fm−1, momentum dis-
tribution of charmed lambda in charmed hypertriton is
much smaller than momentum distribution of lambda
in hypertriton but the separation energy of charmed
Lambda BΛc = 0.780± 0.15 MeV is bigger than sepa-
ration energy of lambda in hypertriton BΛ = 0.13±0.05
MeV. This point needs more discussion and study.
As it is discussed in Ref.[18], for the case of the
1S0 partial wave the the scattering lengths values in
the charmness sector is much smaller than its counter-
part in the strangeness sector but for the 3S1 channel
the difference is less significant. Since the potentials
must be spin averaged for the ΛN (or ΛcN ) configu-
rations found in the hypertriton, the average ΛN (or
ΛcN ) potential is dominated by the spin-singlet part, i.e.
VΛN (VΛN )∝ 3/4Vs+1/4Vt, [22] (Eq.10 ), Only compara-
tively attractive singlet ΛcN interaction can not describe
the existence of a 3ΛcH bound state [18]. Also in that ref-
erence, it is claimed that even effects due to a reduction
of the kinetic energy induced by the larger mass of the
Λc (in comparison with Λ), pointed up in several stud-
ies [2, 7, 10], may not compensate for this discrepancy
between the strengths. In Ref. [7] resultants scattering
lengths, as=−1.075 fm and at=−0.828 are very similar
to the this study, no bound state is found for the 3ΛcH
nucleus.
In contrast to recent few-body studies the strongly
attractive YcN interaction employed in Ref. [11] leads
to ΛcNN bound states by the binding energies in the or-
der of 20 MeV. On the other hand, Ref. [10] by using
three-body calculation predicts a charmed hypertriton
with J = 3/2 (and total isospin I = 0). In that state
the ΛcN spin-triplet channel is dominant [23]. The im-
portant distinction of the our simple model is that it
intrinsically includes the NN 3S1 tensor force which is
well known responsible for the bulk of the binding in a
deuteron-like NN state and in the hypertriton [19].
By considering the above paragraphs making explicit
conclusions for the possible existence of 3ΛcH bound state
is difficult and desire more theoretical and experimental
research.
4 Summery and conclusions
We studied the Λcd (charmed hypertriton) interac-
tion in a simple model of a ΛcN two-body picture of
5
the three-body bound state. We used two body ΛcN in-
teraction from chiral effective field theory techniques ex-
trapolations to the physical point based on the Lattice
QCD.
The charmed hypertriton is assumed to be a deuteron
and a charmed lambda particle going in an effective Λcd
potential. A fit is done to the ΛcN s-wave potential and
the ΛcN configurations in the charmed hypertriton is spin
averaged. Then the ΛcN potential is summed over the
two nucleons and averaged over the deuteron wave func-
tion. Finally the resultant Λcd potential is fitted to a
separable form, and the parameters of Λcd potential, i.e.
the strength λΛcd and the range ΛΛcd are extracted. We
calculated the charmed lambda wave function, ψΛc by
solving the Schro¨dinger equation using resultant Λcd po-
tential. In addition we estimated the separation energy
BΛc = 0.780±0.15 MeV by solving eigenvalue condition
equation (Eq. 21). Finally, momentum distribution of
Λc in charmed hypertriton is compared by momentum
distribution of Λ particle in hypertriton.
However, the results have been presented yet by sev-
eral theoretical studies do not allow us to draw any ex-
plicit conclusions for the possible existence of 3ΛcH bound
state, we hope our results could be easily applied for de-
scription of processes involving the charmed hypertriton,
besides could be a reference point for comparing to more
sophisticated model.
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